: Some inhibitory
1. Introduction Marine bacteria are transported by various ways in the sea from substratum to substratum which they can utilize. As for the transportation, three important ways are considered; through (1) the atmosphere, (2) the sea water, and (3) the marine sediments.
Marine microorganisms are carried into the air from the sea by various ways (ZOBELL, 1946) . Among them marine chitinoclastic bacteria must be introduced into the air and transfered extensively by wind.
A part of the microorganisms may survive the atmospheric environment and fall back again into the sea remaining alive. Sea water is very low in its concentration of organic matter, which is an extremely dilute nutrient solution for marine bacteria. KROGH (1934) estimated that sea water contains from 4 to 5 mg of total organic matter per liter. On the other hand, the minimum concentration of organic nutrients required for the multiplication of heterotrophic bacteria is generally claimed to be 10 mg per liter. Marine bacteria, therefore, has been considered to be peculiarly adapted to live in extremely dilute media. 
Results

1) Considerations in the air
Effect of solar radiation
It has been estimated that bactericidal range of ultraviolet radiations is from 2100 to 2960 A, and the maximum is between 2500 and 2800A. According to HULBURT (1928) , the penetration of sunlight decreased rapidly with depth of the sea, and all of the bactericidal range of radiations are absorbed by the first meter of sea. water. ZOBELL and MCEWEN (1935) demonstrated that the bactericidal effect of sunlight does not extend to depths exceeding 20 cm, although sunlight does have a lethal effect on bacterial suspension in shallow layers of sea water.
Therefore, no significant bactericidal effect of sunlight can be expected in the sea.
The bacteria which are carried into the air from the sea, on the other hand, are exposed directly to the solar radiation.
The abundance of marine bacteria carried into the atmosphere may be greatly influenced by the intensity of sunlight.
Marine chitinoclastic bacteria must also be destroyed in the air by the solar rays and thus restricted their dissemination through the air.
The lethal effect of ultraviolet radiations on the chitinoclastic bacteria is presented in Table  1 and Table 2 Effect of salinity of droplet of sea water Although marine bacteria are carried into the atmosphere along with droplets of sea water, the water will evaporate to become salt particles in the air and the bacteria will be exposed to high osmotic pressures.
The growth of the chitinoclastic bacteria at high concentrations of sodium chloride as indicated by relative growth which was observed by the turbidimetric method is shown in Table 3 .
As shown in Table 3 , all types of the chitinoclastic bacteria examined stop their multiplications at a sodium chloride concentration of 12 per cent. Therefore, all the marine chitinoclastic bacteria examined are characterized as slight halophiles.
The bacteria will not cease their activities until the droplets of sea water, in which they are present, is turned into the brine as 12 per cent sodium chloride.
In the droplets of water of salt concentrations more than 10 per cent sodium chloride, the lethal effect of osmotic pressure on the bacteria may be revealed according to prolonged contact.
The survival of the marine chitinoclastic bacteria at high concentrations of sodium chloride can be seen in Therefore, all the bacteria must die in 48 hours, when the concentration of sodium chloride in the droplet of sea water which is carried into the air reaches a concentration of 15 per cent. When the fall of rain arrested the droplets of sea water, significant effect of dilute surrounding of solution is expected. The survival of the bacteria in distilled water which contains no salts was examined and the results obtained are summarized in Table 5 . Table 5 shows the survival of chitinoclastic bacteria as indicated by relative number of bacteria demonstrated by plate counts after different exposure time in distilled water, expressed as percentage of the bacterial number in sea water at the exposure time. The chitinoclastic bacteria died in accordance to prolonged contact in distilled water, whereas all of them could survive for 60 minutes.
2) Considerations in the sea
Defect of nutrient
Initial purpose in this series of investigations is to examine how the marine chitinoclastic bacteria resist to extremely dilute media of sea water.
The aged sea water which was stored for one year was used as extremely dilute media. Fig. 1 shows the decrease of bacterial number in silica gel plate according to prolonged storage. 50 per cent of chitinoclastic bacteria died around the 3rd day of storage, and all of them died after the 10th day. Type IN (analogous to Beneckea indolthetica) and Type CH (analogous to Beneckea chitinovora) showed rapid decrease and half of them died after 2 days storage, whereas Type LI (analogous to Beneckea lipophaga), Type LA (analogous to Beneckea labra) and Type HY (analogous to Beneckea hyperoptica) showed double resistance compared to the formers, i. e., half of the latters died after 4 days storage.
As stated previously, only Type LI and Type HY were isolated from sea water as dominant species.
Therefore, Type HY and Type LI may migrate in the free water of sea for prolonged time, and dominantly appear in sea water. On the other hand, Type IN and Type CH were always found on plankton and ., suspended matter dominantly throughout the year and could not be dominantly detected in sea water. They must reveal weak resistance for the starvation which might disappear soon after parting from a substratum.
The resistance for starvation of the marine chitinoclastic bacteria in the free water of sea and in the silica gel plate may reveal the same tendency because of the above mentioned facts. It is interesting that Type LA, isolated from the intestinal tract of squid, showed strong resistance as Type LI and Type HY. No marked difference was observed between Type LI, dominant in summer, and Type HY, dominant in winter, as for starvation resistance.
From nutritional point of view, the marine chitinoclastic bacteria, after all, must migrate through the free water of sea from substratum to substratum within 8 days.
Sufficient supply of nutrient
Abundant quantities of organic materials of decomposing plankton are frequently present seen in Fig. 2 . The flocs of bacteria larger than 5 p appeared after 2nd day, and the flocs larger than 5p become twice as much in amount as compared with the rest after the 14th day. The chitinoclastic bacteria must have revealed attachment properties even at the condition of sufficient nutrient supply. The suspensible bacterial amount in the solution is as shown in Fig. 3 . At the concentration of 0.001 per cent peptone added sea water the chitinoclastic bacteria converted 40 per cent of organic matter into cell substances and 60 per cent were decomposed to ammonia. The bacterial amount in the solution is increasing according to the increase of concentration of polypeptone. ZOBELL and GRANT (1943) found that most marine bacteria multiply in mineral media containing only 0.1 mg of peptone per liter.
Therefore, marine chitinoclastic bacteria in the free water of sea, in which more than the minimum concentration of nutrient for the growth of the bacteria is dissolved, can multiply and increase in amount according to the increase of the concentration of nutrient that can be expected in the sea.
Nitrogen requirement
Various kinds of nitrogen compounds and organic materials are present in the sea, which are attacked by many kinds of marine organisms in various parts of the sea. Marine bacteria are manifested to utilize non-nitrogenous organic substances with available nitrogenous materials. The chitinoclastic bacteria in the free water of stated, Type LI are not capable of reducing nitrate to nitrite at the routine test for the identification of bacteria, whereas others are capable of reducing it to nitrite. As stated in Table 7 , the assimilation of NaNO2 by Type LI are more remarkable than that of NaNO3. Therefore, this may be because nitrite reduction to ammonia is more rapid than that of nitrate to nitrite, and thus there was little evidence of nitrite in the medium. All types of the chitinoclastic bacteria examined except Type LI can assimilate nitrate more rapidly than nitrite. A little amount of urea is assimilated by each of the types of chitinoclastic bacteria, although all of them are "urease negative " at the routine test for the identification of bacteria. For the identification of bacteria, urease production test depends on the ability of the organisms to hydrolyze urea with the liberation of ammonia, and the rise of pH is examined by a change in colour of the indicator.
Some of the marine bacteria obtain their nitrogen requirements from urea without decomposing any amounts beyond their needs. Others, on the other hand, ferment urea with the liberation of excess ammonia.
Bacteria in the latter category liberate enough ammonia in the medium and identified as " urease positive ". All the chitinoclastic bacteria, therefore, must be belonging to the former.
The marine chitinoclastic bacteria examined, after all, may utilize any kind of nitrogenous compounds tested with available organic matter in the ocean for their growth and activities.
Effect of temperature
Marine bacteria, which are transported to estuary or surface film of the sea, some times come in contact with high temperatures, up to The chitinoclastic bacteria are calculated to be perished within from 3 hours to 20 hours according to the intensity of solar radiation throughout the year. The condition for them to survive is worst at the experiment : Another experiment revealed the beneficial effect of floccuration of bacteria against the lethal effect of ultraviolet light, which is considered to be due to the interruption of direct illumination of ultraviolet light by overlaying bacteria. The inner parts of the bacteria in the flocs of the chitinoclasts is protected from the solar radiation. Photoreactivation and other beneficial effects will protect the bacteria from ultraviolet radiation.
The solar radiation is absorbed by the atmosphere in winter and in cloudy day. Moreover, ultraviolet light must be reflected and absorbed in the droplet of sea water, the lethal effect may be minimized than the result obtained in these examinations.
Another important lethal factor for the bacteria is the changes of concentration of salts in the droplet of sea water which is carried into the atmosphere.
The bacteria is exposed to high concentration of salts when the water evaporate to become salt particles. The chitinoclastic bacteria are, however, considered to stop their activities in the droplet of sea water at the concentration of 12 per cent sodium chloride.
In more concentrated states, they perish rapidly according to the increase of contact time. When the droplet is arrested in rain, the concentration of salts of the droplet becomes low. As the falling speed of common size of rain is estimated as several meters per second (TAKAHASHI, 1957) , rain must fall into the sea within 4 minutes generally and at a maximum of within 20 minutes. Bacteria may be exposed to the dilute surrounding within 20 minutes. The salts concentration of rain is estimated to be less than 47.5 ppm (MIYAKE and SUGIURA, 1957) , and the survival of the chitinoclastic bacteria is estimated to be more than one hour experimentally.
For this reason, the effect of dilute surrounding of rain water on them may be not so significant.
pH of rain must also influence the survival 
